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Bodies inhabiting the outer solar system are of interest because, due to the colder
conditions, they exhibit unique physical processes. Also, some of the lessons learned from them
can be applied to understanding what occurred in the outer solar system during its formation and
early evolution. The thin atmospheres of Pluto and Triton have structure that is not yet
understood, and they have been predicted to undergo cataclysmic seasonal changes. Charon may
have an atmosphere—we don't know. Chiron exhibits cometary activity so far from the sun
(much further than most comets), so that H,O sublimation cannot be the driving mechanism.
Probing these bodies from Earth with a spatial resolution of a few kilometers can be accomplished
only with the stellar occultation technique. In this program we find and predict stellar occultation
events by small outer-solar system bodies and then attempt observations of the ones that can
potentially answer interesting questions. We also develop new methods of data analysis for

occultations and secure other observations that are necessary for interpretation of the occultation
data.

Notable scientific results from this program during the period covered by this grant (1996-
12-01 through 2001-11-30) are: (i) a determination of the Charon/Pluto mass ratio (0.117 £ 0.006)
from the astrometric data used for our occultation predictions; (ii) the detection of gaseous methane
in Pluto’s atmosphere; (iii) the development of a method for fitting occultation light curves to an
arbitrary atmospheric model; (iv) the detection of global warming on Triton, (v) the determination
that Triton’s atmosphere is unexpectedly distorted from a spherical shape (most likely by high
winds), and (vi) an accurate determination of the temperature profile for Triton’s lower atmosphere
that adds to the pioneering work of Voyager 2. This thermal structure indicates an unknown
coolant at an altitude of 50 km.

Details of these results and other achievements are described in the publications listed in
the next section—some of which (those marked with a *) are attached as reprints. In addition to
the major results given in the previous paragraph, these publications present lists of occultation
candidates and describe the results of our occultation predictions. They also describe the results of
the related observations needed to interpret the occultation data and our participation in surveys for
Kuiper Belt objects that will become our occultation targets in the future (in order to determine their
diameters and search for tenuous atmospheres on the largest bodies).
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